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(57) Abstract: 

PROBLEM TO BE SOLVED: To lessen a leakage current 
in a capacitor and also to enhance the quality of the 
capacitor and to make it possible to form the capacitor 
into a thin film by a method wherein a silicon nitride 
film is formed on a semiconductor substrate and the 
density of Si-H bonds being contained per the unit area 
of this silicon nitride film is set to a specified value 
or lower. 

SOLUTION: The upper part of a silicon substrate 1 is 
cleaned using the mixed solution of a hydrochloric acid 
with hydrogen peroxide water. The substrate 1 is 
heat-treated on the condition of a temperature of 900°C 
and an air pressure of 10 Torr in an ammonia atmosphere 
and a nitrided natural oxide film layer 3 is formed on 
the surface of the substrate 1. A 4.0-nm thick silicon 
nitride film 4, which is used as a capacitor insulating 
film, is formed on the layer 3 by a reduced CDD method. 
In the case of the formation of this film 4, the mixed 
gas of a siiicon tetrachloride with ammonia is used as 
raw gas and an air pressure of O.STorr and a temperature 
of 700°C are used as a film- forming pressure and a 
film-forming temperature respectively. In such a way, 
the film 4 of the density of hydrogen of 1x10 15 cm" 3 or 



lower in per the unit area of the film 4 is formed. 
After this, an upper electrode is formed to 
complete-form a capacitor. 
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LT, S i -H^^»^|/£^'>!J ^xSSfblS 

#<fll®at^fcO i -H*££^gEtfS 1 X 1 O 15 c m' 2 

3^»blK&li&SB£ffiU:^j£^5X&£3'£r 

s i -H^^#-r6^ta^^->y = ^iMHSr»fiL 

5 i -H^^SB&a* 1 X 1 O 15 c m- 2 UT<OZ/V n 
flsK&J£j*i-SXg«r£tf r A: t ~T 6 K 

?US6 0 0ta±9 0 CCetT. JEttO. lTorrg 
X 1 0 T o r r J^Tt*^ 1 <OT — —^^f 0^2 <DXM 

6 0 Ot^±l 0 0 OtUJLT* JE^O. 5T o r r £t_h 
1 0 0 T o r r J^TT*^ 2 <£>T~— ^£tT P ^ 5 <7>X^ 



(2) ' ' 1 1 - 7 4 4 8 5 

2 

t. 

8(riami»M0 6<oxs*S[»iHi»*)ig-rxst, S:^ 

[»#Jg 1 0 ] itulSSg 1 0>Xg0>!i&tc, i!fJl2¥#f« 

goiEi^wbJHfeBfesfe-rsxst, ^^latts: 

[m#m 1 l ] miMSm l (OXSOiWt. fuifE4^#S 
fflieWkKSrAWb— -> y =» Xft7=-;ut61g 

[0 0 0 1 ) 
[0 0 0 2] 

[0 0 0 3] £^T*. S^^fr&fff^ii^ 
^»x^<Dii^fcJ;0, ^^ey-fe^^^b, 

j: "5 ^ y -fe/uotEis^^^ttfiia-f-irasdsa^b 

[0 0 0 4] ir/u^MO S h 7 # 

k fci£?!l«ttUt*l«$iifcDRAMIcfeo 

[0 0 0 5] rtf>«fc p/iRgje*ftl^:"t-Sit«)*C(i, ^ 

y-fe^05»WbS:tf3fcoTt. ^^^->^^s^^>^ 

[0 0 0 6] **'<*s*mMmh\*T\^ vy^y^fb 
50 ^rofio^y s^S^bKtt, fl§3l5J:0«£ECVE> 
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(3) 



%fffl¥-l 1 - 7 4 4 8 5 



[0 0 0 7] 

v^^mitm^ y-^m^^AL^i-^£v^^gi 

[0 0 0 8] *389Jtt, Jiffi*tf£r%iftLT#$nfct> 
[000 9] 

anfa^frSffiiicjKdcSixfc^y =v^fcKt 

[ooio] *fc, iWgH^y=i^ft:K«>¥fl:B5aSfc 

«9Jc:^^ixSS i -H^CD^^N lX10 t5 cm- 2 
[0 0 11] WfB-> y 3 V^fcKtt. §H2nm 

jet t<z> * nfc»s«ig-efc5 ^ i 

[ooi2] y 3 v^bfiite. n-h^ 

BaEKJECVDSfettl^AUr, S i -HJg 

[0013] ^rc, sata^y ^^mtm^nm-r^jm 

f±, ifi:®«Sfc 5(OSi- H#S^S* S l x i o 1 5 c 

[0 0 14] IfjfB^O^y =i isWMtfXl^ s 

i -HS^^S /fV v> !J 3 feffifflt 5 i t 

vy ^x^-co^^. ->y=i^ g^fcjm^p 

[0 0 15] MIB3f5£«0*>y 3 ^JS^^tt. E9 

T^^b— ->y rh7^^f/u 
7?;->u =i>-ioJ:u? h y ^ D/w->y^7^ wp<z> i 



[0016] ftuisv-y ^yiTO^wtsxa 

li, S i -H3fe^S:Wr*fl(rlB9fSO->y 3>m3N-fefie 

i^isaia^yavftfliBi^o^sisrte^u ¥fe®^7t 

*)<DS i -Hig^^S ixiO 15 cm- 2 ^Tt0^y 

[0017] tuia^S^Sra^^, 9 0 0t 
UJLhl l 0 OOTX-fcSCiMitSo 

0 0t£U:9 0 O'CWT, JE^JO. 1 To r r £JUi 1 0 
T o r r SXTX-m 1 ;u£rtT 5 W, 2 ©Igt, ml 

lS^^^tf^^-e. /^6 0 0tEiJ:l0O0t^ 
20 T. JGE;£>0. 5TorryilOOTorraK^2 

T% fflE«Sr^tP^*r^-r-6SR6«)Xfei:, fftlE 
[0 0 18] £ifc N ^f2->y =3^&<£tr#*k UT, E9 

[0019] ^fc, fftmmi ©IS©^i:, milS^^ 

*"t-SXfetS:*P,t^«-t-5rtSr4*ai:-t-5 (St* 
910). 

[0 0 2 0] ^ffSm 1 ^X^O^.. S5g3^aj«: 

[0 0 2 1 ] $fc, BUf2A^bX->y V^£DT^-/Vr£ 

@^-5xa^^tf^^^^mt-r5 (is^i 2) „ 

[0 0 2 2] £fc v HijiemscoxSl-J: "9^J«Six5^ 
ynyIfti(D^W^fc^s i -H^^Sds 1 
x 1 o 15 cm-H;m5; t^i|#mti-^ 0 
50 a, aroi 5**p^.(rs^^r^^ixfcfci9-es>-5» 
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[0 0 2 3] + ^y^J6ill^l^->!i nyifti 

10 0 2 4] zv>m&. > i j ^>mitm:m<p<n7km\*s 

[0 0 2 5] Lfc^oX. y-^^W{S^^IEla/c«) 
Kite, Si-H«g$:f5<U vy^vco^^o^c 

<-r-5t-ti. S i X 1 0' 5 cm-^TT- 

[0 0 2 6] *Sg^¥^#^fS (If^^l) icJ:^ 
(2\ ^fiffia^fctX^S i -H^ri* i x 1 0 15 cm' 2 

[0027] sfc, #5£fmi. ^ ^ ^ i^mitm^mm- 
s i ~H^^^is<-r^fc^T'(i^<, Ji^<t5 

n mgTI't^)^ i tr«fc 9 , S i-HM^lXlO 15 

[0028] ^y^^^it^^M 
[0029] *mw<Di/v ^^mtmte, nm 

(ll«t'5nm£(T) :fcJ;OH&y-^m»fc^#> 

i m<Lmm^tc^)<Ds i -h&^^i x i 0 15 

v/y = VO^? (h7 y^) Wt'iSS i -H 
[0 0 3 0] Ufc^oT. 

[0031] ^3S^«>Siit^ffi"ett. #j*a»e>s 



(4) 1 1 - 7 4 4 8 5 

K<fc!9, S i-H^®»UxiO ,5 cni- 2 aT£0 

y a^SYbiss^^bfcSfeic, M^tc^o^fEv-y =t 

>'2iW I fW7K3li^ig^$*tS. c:^^^ Si-H 

(oo3 2] tHiAasoftisia^igv^, tKi^^> 

70 1 1 0 ^L<(il05 O^CgJLTt-r 

[0 0 3 3] *#W©$*ig#SrCli* f!J3^ 

[0 0 3 4] Sfc. il^^iriotH J£tiS$^ 
Tz*)<F>$ i -H^gi* 1X10' 5 c rrr 2 £iT?>1iU££r^ 

ts^y^yiM^M^n, mtct 9 s i -h*s 

[0 0 3 5] ->y = >-$r£tjf&<D8&?£: 2 nmtJL 

(CVD) XJi. ^-ftJ8l*l;i#<^7kl5t, fi^A^^ 

[0 0 3 6] *&w<ofa0>^mft&u<ommjsm 

0, Statute LfcTkfti. WtSrWS^a^' 

[00 3 7] K^aBflpjRBWJciitfSfttts siasw 

Jc^lfir t> (r< Wc#)X*£>£o Steffi 9 

n-s ich i v ^ ^^Mt as^^^^/i'^- 
m^Mv,xm-&z.bfrWbJ>^£<>x\*^z> l> z.<Df&mj 

[0 0 3 8] $P)(cJiiEbtJ;5t-^* s &e*iJ(S6«iU 

xitpfc^i^, #ft\c&m£fkm&m&*m\^x^z> 0 ^ 

fc, mtUy v^'>y =iv^ir L.Tffiv^»-^iai. ^ 
JO [0 0 3 9] T^-r^tK^y/tV^tfS 
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&ttmmm&m^&&&iz\*+ ^B^S i-Cl 

[0 0 4 0] mm<Dm&x^ &ti$:m<'?z>t, 

-m, x-% & tci-tmB.x~mi&m&ft ? ^ t ^\ 
[0041] *fc. ^ ^mtmMj&com&mt u 
t\ ^^®?r^^-rtLt^ ->y =i>mtm<D-^-c ? 

zsv nyijb^Mta^ k&xzz> 0 

[0 0 4 2] 0f^^S^T^, ^^^ifc 

^^Ji-^c^^T?^^,, -e^m. si-cu si 

[0 0 4 3] 

fbRojfr&s-^^T&w-f 

[0 0 4 4] £i\ Ell (a) i-^-f-i: 3 ->y^> 

(ifc^a*) &m^xm&-tz> a ^<Dmt> 
m\a*&m<t7km7kfr'a'£nx^%<Dx\ fofr&mz -> 

y n^g^ i £>3?®c:g&BMbJ8/g 2asfl&££;h,fc, ^ 
[0 0 4 5] ^iciai (b)t:^tJ:9^ry^7 

^m^L^Xi/V nV^lgl £9 0 0°C, lNf&fk 10T 
or r (D^HtT-f^SU U =• 1 K# £ 

2, 0 nm©£{b3*Lfc&&IMtra <»be&S»bBI 
Ji) 3Mt5. 1-fc=fc>*>, g«ii2^j:!))| 

i^»b a &iMbiRS 3 JC^ ;L 5 o 

[0 0 4 6] atuusi (c) tr^-r«t9(-> mbi^ssft 

^®3_htC^r^/^V^^J^i:UT^ii:^4. Onm 



(5) ftfflsP-l 1 -7 4 4 8 5 

-7<bWfl^rat, ^I£^?:0. 5Tor 

r. &mM&&7 o 0X:k-tz> o 

[0047] -<D£?{z.^xm£mmmti*)<Dykm&& 

^1X1 0 15 cm-H;T^!) ^^^itmAzmFfc-tz 

[0 0 4 8] **5, *n»?^-m. »ba*ssHbMi 

©*cB(OiiiS»blK4r^l-Bft*Ufc*ifli-C, ->y^v 

[0 0 4 9] g]2{c:, ^H*fe?f^StO'>y >-»b^*3 <t 

7K^»s<o^s:^-r. w<z>$&£\ ^<o->y=i^^b 

»^ i It n;u~>7 y i 7 i W 

20 [0 0 5 0] ^Wv'^V'W^, WMtfxk 
UTv 5 ^ o;U'>7yt7^7t©ifi^^^t 

fc«it (S i -H*££0 ^tt^MT-foSo '^o^ 

[oo5i] — ^mmnm<D^ y = >-&<tm<D& 

£\ L.TE^b->y =>yi7^-7i:(D!i 

50 ->y ^v^bJ^ c t 3 t07K^^^i^< tattoo 
[oo5 2] m3\z^ ^wtcD^y = ^mtm^ x 

(electron spin resonance ) S&ltK^^^ h^^^'J^^ 

(0 3i^*5t^T. N 3 S i -T^^-f-) (D^r^ 

E S R^T^V^fc^ 5 ^ FT— IR (Fourier-transform in 
fra-red ) S i - H££-^0 fro T t> 

[0 0 5 3] £fc. &mmJtm(Di/V a ^»bJK*5«fcO 

TMI SHIit^Mt, y — ^®5fD (Vg-Teff 4# 

t, tttttt^y ^^mitmmnmmreff > mum x 

l0" 8 A/cm 2 ©aS(tSrS«cbfc4&^ro^— MJEV g 
^LT^So EI4^^, SiCh Srffil>fc*:mfe^ 
H(DVy^vMM\ SiCl2 H 2 Sr/Bi^fcffc 

50 55-^5 0 
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[0O5 4J ^15 Id. nmM&SnmO>i/y=> 

xiO^cm-'ElTl^i:, y— ^«8licA«%»lc«^ 

[0 0 5 5] ->y =i v^b^^tdii^-mco h7->W 

^tLT^J:^: 1 0#<D 1 l5^Jgric$ixTt^wi3JS»36» 

[0 0 5 6 J $l{fcraSfc!?0*SSflBffiaSl X 1 0' 5 c 
m- 2 T*fo5it5t, h^^y^mtl x 1 0 14 c nT 2 

0' 3 c m-^TI^t-Srt^J Ul\ 
[0 0 5 7] ^ffiffii«fafcO©7KSIffia[«rig«'f 

fc^sb-c-fos. ^»ico->!J =*^m.<tmn. 
m^tzv<D7kmmmtfi- 2xio 2i cm- 3 t*fc5fc46 

Mixio ,5 cm- 2 TOMr^^\ r<ofc 

#\ ^^ff$^TMiJ^J|[^4 nmk LTV^o C<D^ 

LfJ5ot v > V a V^b$ttf>BSJ¥l;Ju 4nmW 
_b8 nmJiim§:i:m 
[0 0 5 8] iSCfcMf^fciS i C 1 4 ^rJBlofc* 

^jfe?F^^^->y = >"£ikmk . siciz H 2 zm^tz 

[0 0 5 9] ^Lh^fc «fc 5 #l£iS?£ffilc J:*xfcE, 

*&Jfll^jfc«ffiCVDifcK.fc *K WiM^fc 9 <£>7Kf£ 
»lX10 ,5 cm- J gTT\ s i-H^i^ 

i -H^jaS+^(C<£«$ttfcv'y = VglfblSi&S^-C 

mict!?, *>y ^^m.<tm<DV — ^©ssas/h^ 

[0 0 60] £ktdte/h£l^*^^>^^T*^;fim 



(6) &m¥-l 1 - 7 4 4 8 5 

JO 

[00 6 1 ] £fc, ;^'>ynyijkg|i4nmiT^J 

k ^xmrnt^v ^yir^-r t<oig^;#.*&ffl^ 

y^yi: h y y- a/u^ h^-T K£<D^;tf*£rffi^T 

h y ^ a/u->y ;U7^ Kro#;*£ffl^-ct>&v\, ^ii. 
y^y^^nt, si-H^iioT^N 

[0 0 6 2] *HJ6JKI!i-Ctt, ¥ffi£«-LK*^ 

20 [0 0 6 3] *»Hflt WifcWlB**;***- 

fflv^^tx-, y — ^maffi^/j^v^y ^^mtm&m 

t7y^-7i<D^7 (S i -H^^-rSJm** 

zm^xk^ y — ^m^^>/h^^->y =j ^mtm 

&mf$.-tZ^k&-*!f&X3bZ> a 
[0 0 6 4] i"/jrip*>, Lt^n;^ 7 y 
i: T >-^e- T k <DU&]f^ &m t\fc«JBE C V D mc X 

yy^yt«^Mtfctici, f&so^tcj:*? -yy 
30 s i -H^w^aiH-awT, y— :?ta$Ett'h 
[0 0 6 5] roi§<£\ s&toasoftksi&sasisi^^ 

^^^Tj&tfc^^C 0 < V^O?T\ ^^?flS(4 9 0 0°C 
W_h. L< f4 9 5 0T:J^Ji<t-r-6fD^^U\ ^fc. 

*aa?fijf dSitSig r 5. t fth-^T-^ if^^^P^gtt 6 CO 
T*. S&Sia^W Jiffitt 1 lOOm, $f^U<(4l o 
5 0t^Tit5„ 

[0066] ^mmmmxn^ ~>v ^^mtm^ 
(f5 2o>mmMm) m 7 9 ti. m«|2(di 

Wl:#,SDRAM^ y -tr^O^^Tj&^^pg^tC 

[0 0 6 7] Jf, IU7 (a) {^-f£5f^ p^->J> 
=1 VSIS 1 1 (0*Jxti\ ItlStt 1 0 Q c m v Ipbh® ( 1 

00)) <£>:£®icj?£ 1 0 nm^-yy ^V^<bJ^l 2^ 
50 2_hK:J?£ 5 0 0 n m^->y 3 yi«l 3 £C VDffi 
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II 

[0 0 6 8] fo\Z.m 7 ( b ) (C^-f X 0 7tMJV 

«4fe»««>nS!^«4&42:jltJi l 5 zm&cDjf&izX 

[0 0 6 9] Mi LtNHa Srffll^fc, g 

fBl©->y ^>»bJ^l 6£^/&U SBl0>**'*V* 

[0070] ££>k, mi cov^y 3^bKi 6 Jitci? 
[oo7i] ^(D& y -mm&&m%^x\ »2^!i 3 

V&flsK 17^9 50t, 1 «flBJ«)^#-t?f»»k (r- 
— yl/) U ^ 2 <Z) -> y = ^gffcJK 1 70^®a>f>2nm 

[0 0 7 2] &tdfg] 7 ( c ) l^^-T «fc 0 ^1 h 

^y— k«« 1 s ^frsatsi K-^y ->y ^^m 

V^ffc^fcllfttttfHW (CMP) Sr^l^T^y =iV^ 

[0073] &i^t-r i E&ffl^-catsfc k— ztm? y y 

U-5?/-KHSl 8 £9iit-£E£ M'yfiftl 4 OffiD 
[0 0 7 4 ] ~£0^, ^107hU-^;-KSffil8 
#Ctd|g]8 (d) ic^-fcfc f!20^hu— 

>v- 2 o ktez>m2<D$tm K-^y ->y => >■ 

?Tl\ g 2 hU— ^ / - KSffi 2 0 ^fifet 5. 

[0 0 7 5] $ bt-, ^2(D^ h l/-^;~Klil 8 
J:9 4>_hli:flEa huyfil 4 «5ttlS<0&HMM 1 9£ 

K— ^y ->y n^lK2 1 $r . h U^$p 1 4 £• 

[0 0 7 6)^(^1218 (e) tC^-Ti^tC, Jg3<£>atii? 

— >-2 9£r-^^(::LTi?3(7}?K#fi K— 7VK 



(7) 4£BS*P 1 1 -7 44 8 5 
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y -> y 3 van 2 i £igiR#j(c r i e r*^it6 0 

[0 0 7 7] &l^f 8 ( f ) t^-r<t 5t-, 

y =iv»Wi 2£ji#;#)ldR I Em±f^ 0 
[0 0 7 8] $fetc, Uy^h/^->2 9^-7^^(: 

— S5*sJ;^pS!>'y =»>»El 1 <£>— Sff£rR I Et^* 
10 U IS^IIt»3 0 4rJgBK-r«. ^tf>^, 
-V2 g&SMWi-a. 

[0 0 7 9] W:B9 (g) d^-J;?^ JR-*-aiW*fe 
gtJgl2 2 £ UT«?TEOSIK^^^S6^Sra«)iitf J: 
5t-£®t-±£l*Lfc&, ->y ^^mtWkl 3tmth&i£ 

[0 0 8 0] &l;i[gi9 (h) (C^r-t-J: 51-, ^{LtK^ 
(HF) S-ffl^tIMW2 2^SME^T*i 

[0 0 8 1 1 9 ( i ) fc^-f «£ -5 (c. i^g«<Z> 

VHS 1 1 Jil-y- hSMtiffi 2 3 SrH&IMIrffcSrJB 

v^x^u/b^, ^ffitcy— na®2 4 incs y k— 

10 0 8 2) ££>t^ y-h±«§2 5, 
DD) 2 G 

to o s 3i $e>(-. -7*— hwm->v =*^mikim2 7 <t 

&£J?£ 1 0 tim©*>D ^^jb^^C VDfeSrffl^^T 

5 (DMmz±m > y = v^^^^ii^^t^M u ^— 

hwjs*>y =>sibK2 7^^-r5o 

[oo8 4] ia^jc, MH24, h±.&mm 

^- KKV^2 6, 2 8C0n^^M^lCOfi&t4'ft:ti. 

[0 0 8 5] eii oici, *nnMmzftoxmi$.£in-£. 

huyf^-r^'>^©Vg-Teff ^ti^^-t" 0 1^1 1 O 
[0 0 8 6] h UV^^r^^^v-^^)^^ y 
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C8) 

75 

too 8 7] r<D#jjm. mz<D^v^^mtmi i<o 

v\ m&mm%tzK><D7km£&$:i x i o ,s cm - 2 aT 
(0 0 8 8] sfc, ^^bco^tctox^, w&mm 10 

T*££ 0 #J;ttf % Iff l ©Htt53gflSTiE-4fcSSCSffl (9 
OOtail 1 0 OTC^IT, L< ti9 5 omi 

0 5 0m) "CS&»b£fTfc 5 e 

[0 0 8 9] #fc£fb©&#tt, NH3 SfflSfCfTJi 5» 
£-|Cf± v 7 0 0t:T'3 0^±, 9 0 0tt'(ilO^ 

-r^fc^tcji, gB#r^^^it:3J s *f^u<, #]*. 
(«^ff^-r t ^bfc9 sot, l^rat^p^^a 

[0 0 9 0] Sfc. t^HNH3 ^Pfi^^tlSfctOt? 

« 3 <7>^3te^fl8) Ell lli, ^^0f3^H»l 
D R AM^ y -feyuoaait^ffiSria:|t&fi<jl-^-r»r 

[0 0 9 1 ] If, mil (a) t-^i-i: 9 m$$<D 30 
?j £fe^3£o T p m-> V = 3 1 (wMO Sh7 yv?7 

^^fife^tL*. mil (a) i^^-r. 3 2iiif^ 

Ht!&&l£. 3 3ii$*— hgftffcWk 3 4»i^- h«tii, .3 

5 tt^— hiaJ«feJSW, 3 6 (i^- hfl!J&IMl& 3 7 
[0 0 9 2 ] £ £ffitCjgfg]fftMi3 8 £ri#a^ 

^3 7t£jg-t-5*£r|g7LLfc£. y = 

e>/£S^i h L — — K®g3 9 &J&f£-fZ> 0 
[0 0 9 3] m^mi l (b) ic^-TJ: pt^. »fc*d£ 40 
ltnh3 ^^mffi^w-egsot, 18^ 

(D-feftX* h U-v>/-K^ (^£ H 1r>y 3 

[0 0 9 4] £ibt^ fl«i/y^yiM40a_h 
->y ^^mitm4 0 b^CVD^J^TF^-r^o :<o 
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ot. i ^^Itt^ 2 y n yi«4 o b 

[0 0 9 5] r<£>&. JigB©XS£3bK:fc5 l IbIMSS 

g£3 s ^4c^->y ^>-»ki^4 0 c , 40d«^tl 
3„ y 9 =i y iitJi 4 0 b - 4 0 d 

LTIi. S&l«ISffi^1ire^fcfc©«:ffifflU 
«^fcU©7KSf?Bfl£S: l x i o 15 cm^^t^ri 

[0 0 9 6] fc&U:, 011 (c) iCTjk-TXo^. 7^ 

- yw&a i t Ltom^y 3 ^m^mmi^tz^. 
o d&mfe<DteWL\z-'**— -y^tsr <t^£ <?, DR 
[0097] ^nmnmxhm2(Dmmmtmm^mm 

T\ ->ll3 v^fklB 40b-40d 03-^ (i^c^tM* 
[0 0 9 8] Jfc*5 % '>y =iyfM4 0b-4 0dC0fl| 

2itL<tt3Jit?<)aK 

[0 0 9 9] 12, ^3^0|IJ6^ffi^*5V^T. ^ 

(SS4©«fe^» ^3<7?^^r-ii. ^>y=« 
[oioo] i-r. =>i/m&<nmm^3Lctz&mm 

2 n mO'> y □ y^b^^ c v Dffil; J: 13 Mt 

S i C 1 2 H 2 £N 2 O^co^^^^fflU, ^JK/S 
^t!7 5 0t x f&mmilteO. 3Torrif§ t 
[0 10 1] 9 5 0 C C, l^fBJO^T?, 

[0102] ^<oj:5^tW©^>^yy^ 
[0 10 3] fc:fc\ ->y =a v»k^oR^i?{;. ->y=3 
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~>y 3 v^f&^bLT^&vv j?$is 
3\ y-^«ffi©tettfb€ria*;i Sfc, ^ 

IPl-oiSBrtTEs£iifiEft(rtT4 5 - i a*, 3=ffite 
[0104] r<D<fc9 ftiSilft&SttU #J ;ttf* ^ h £ * 

a toy nyi^Mt5 0 

[0 10 5] ^7 0 0tit*SLfc^, SiCh 
, iifSv'y = V»bIK_bfcJ¥£ 2 nmC0->y n V 

9#?tfcgu «a^S:9 5 o c c*-e#iau, ±faj?£2n 
[oio6] c^>y ^ v^bttroitaxsis&^fkx 

[0 10 7] ft*s, *HJE^S8-C(i. ^y^^toSftfea 
v- y ^ I'SfbK^lKSrfTfc o % 2 tf>f£fi&3S^ <t 

^-r^ico^s^T^^®£^b-r^o isM-m 
2 o«s«!.asg£-c->* y ^ ^»bK£»*fb-f fifcflUfic 

[0 10 8] £Jt±l¥i£EUfcJ: ^^3EWtcJ:ntf. ^fe 
®*B^fc!9 0>7K3SM££l x 1 0 15 cm-H^T^t^I 

[0 109] U^U/i^b, wCD^ifeT^^lb^O^ 



(9) #fl¥l 1 -7 4 4 8 5 

[0 110] — r^KVDt LT^^^FbI 
^^^^LTita-r^^^^Pbttrv^^, (Appl. Ph 
ys. Lett. 68(23) p. 3257 (1996) ) 0 ^ l^tt 

[oiii] L^u^^b. aa^-fa 
At), 0 0-4 5 oWTwat^rat^ 

[0112] -^er-e, sM^-fb^^, TKsSiftitso^^ 

(«6©njs»ifi) @i2ii, ^m<om6<D^mnm 

[0113] sr. @i2 (a) \z7jk-f£?ic. ->y =r 
o i &i&mti&mitykm7k<Dm 1 -£-mm$:mi<^'r 

20 ifc^U J?$l. 0nm(D§Mkil0 2a.Wt 
<5„ 012 (b) (C^-r^^t-, ^(Dg^^bM 

1 0 2 a £ 9 0 0t\ 1 0 0 T o r r (D&m^^^X T 

SHbflgi o 2 b&Bf&'tZ> 0 
[oii4l [§J i 2 ( c ) tc^-fct 

£4b£*W!:S£&aMbI&i 0 2b £E^b~>y ^y^ffl^ 

{800t, 0. 5Torr) . $*^fbflg 

mmz.m.mx'miffizti'fcis v =*>-m i o 3 ^im^mM 

J0 [0115] ill 1 2 ( d ) tC^T <£ ? (C, 

tE^T^-t — T^-CT^— /H. (8 00t, 0. 5To 

r r ) . ^commczy y 3 >mtm 104 ^r^t6 0 

[0H6] _blSO01 2(c) *5j;ai§Il 2 (d) CO 
xat- J; »9 ~> y = v»bK4- 1 ^S^fiJE-t" s r <b ^-r- 
r<3?X^4r4 0Ie]ife!fe!3ig-r-it-J:t), 0 1 2 
(e) l^-TJ; 4. Onm©v'!J=iyi« 

1 0 5«^H5. 
^£7 [0 117] -tfi9&, 5SS«)*ir^->^^Ig«:g 

laaKw^fiR^fesrffl v^ii, ~> y a ^mtm^ 1 @ s 

y 3Vifi§r<t LTE9^bi/y =« V^r^t^r b\z£*)^ F% 
JO [0118] «Jfe?eft8l-fi£v^fiJc LfcM IS^<-> 
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TCVD&T«L/bW <fg 1 (DM1 S 

i\ N-H. S i -C 1 »&tfS{£agcUfcfc«>-Cfc5. 
[0 119] 01411 ^l(OlW(D->y3 

MI&tDzsl) =>mt& (mi 4 (a) ) -CH 
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[0120] E9»bv y =» vox-— 

^ft^8 0 0t, 0. 5Torr, 1 UfcAS, 
"Cft 25*|g£ #J;tH J£^£: 1 0 T o r rg 

[0121] ^j^f^T'ti^^i: 

[0 1 2 2] $fc, *:|^J6?i0IS-C*-±'>y =a v^iK^ffiSr 

Bfeibffi^^Wb-v'y 3y«f"t?7=-/H-«.^it, ® 
»bR.h-c®iir^srit*D$-&sAtt[<b— 3 ^©4 

0 0t^Tt*<D7- — vUfi, h7V^^|:ffl^5M I 
[0 12 3] ifc. #M67l£1&-CH JPM^^og&f;: 

[0 1 2 4] ifcilffi^fi^te^EMEJiK*-^ 
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^(Dv-y =3 V^bM<O^J?<t V— h^JGE (1 0' 8 A/c 

[igis] ->y 3v»bK«5*ffias«fafc9^zfc^Mi: 
^<D-yv^>-mtm<DFT- i r ty>i&m<Dm -m&^z & ^ 

[IS] 8 ] Eg)7£D^OX^5r^-ri§l < , 
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[@13] SB60HJfi^flg(^S* + >'<>'^*5J:^3l5 

ov-y ^»bJ^£^fc*^^ogiJ5<*: y— 

JE (lO' 8 A/cm 2 {^io(t^) coBa^Sr^-|-0 o 

[in] ( a ) ttffi i «>|gifej^ffi(c«a > y =• v^-fb 
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